Diarrhoeal diseases are still a major challenge in Nepal because of inadequate safe water supply, poor sanitation and living conditions. However, several other factors such as the literacy rate, socio-economic status, and social, religious or personal perception of the cause of disease may influence the rate of morbidity and mortality of diarrhoeal diseases. A yearly minimum death of 30,000 and morbidity of 3.3 episodes per child was estimated due to diarrhoea. An environmental health education programme, along with water supply and sanitation intervention, is an effective mitigation measure to reduce diarrhoeal diseases in Nepal.
INTRODUCTION
The rapid growth in population in recent decades with centralized facilities and opportunities available in urban areas has created tremendous overcrowding in urban centres worldwide. Most of the developing nations are unable to meet the demand of the increased population.
Problems such as a high population density with an increased number of persons in limited space, an increase in solid waste generation, unhygienic surroundings and an increased demand for water supply and sanitation facilities are evident. It is one of the main reasons that rural and urban poor frequently suffer from waterborne diseases such as diarrhoea, typhoid, dysentery and cholera. Approximately 1.1 billion (one-sixth) of the world's population has no access to dependable water supply and 2.4 billion (two-fifths) lack access to sanitation facilities (WHO and UNICEF 2000) . The majority of these people live in Asia and Africa. The developing countries in Asia and Africa face a difficult challenge in dealing with water-related infections. As an example, Levine et al. (1976) reported cholera and diarrhoea outbreaks because of the consumption of contaminated tube-well water in Bangladesh. Nath (1996) reported 348 cases of Guinea worm infestation in 11 districts of Rajasthan, India, in 1994 due to consumption of contaminated groundwater.
Diarrhoeal diseases are a major cause of sickness and death among young children in most developing countries . Cairncross et al. (1990) characterized poor people's life in the third world as continuous ill health. The authors made the painful statement that 'most poor die young in the third world'. WHO and UNICEF (2000) reported that about 4 billion cases of diarrhoea occur every year, causing 2.2 million deaths worldwide. Snyder & Merson (1982) The rapid population increase in Nepal has created similar problems to those in other developing nations.
Factors such as illiteracy, traditional perceptions of the cause of disease and poverty have further increased the risk of waterborne diseases. Thousands of deaths have resulted from waterborne diseases such as diarrhoea and gastroenteritis. Diarrhoeal diseases are estimated to be responsible for a minimum of 30,000 deaths annually (DoHS 1998/99). Pokhrel & Kubo (1996) stated that 30,000-40,000 deaths are due to gastroenteritis diseases each year in Nepal. Diarrhoea alone was reported to be responsible for 13% of morbidity and the major reason for hospital admission (3.5%) in 1995 (Sapkota 1997) . A number of studies have been conducted in the past two decades regarding the incidence of waterborne diseases and the required intervention programmes in developing countries. However, there are only limited published data available specifically on Nepal on these issues. This study aims to analyse the incidence of diarrhoeal diseases, water supply and sanitation status, and the type of interventions required to reduce morbidity and mortality due to diarrhoeal diseases in Nepal.
WATERBORNE DIARRHOEA IN NEPAL
The ingestion or inhalation of pathogens into the human body by exposure to contaminated drinking water, food and fomites are the major reasons behind the outbreak of diarrhoeal diseases in general. Ono et al. (2001) were E. coli (22 out of 43). The authors concluded that contamination of the drinking water was the reason for the diarrhoea incidence.
In a similar study, Pokhrel & Kubo (1996) reported on the cholera outbreak in Kathmandu in 1995. These authors indicated the seasonal variation of the diarrhoeal cases showing that the maximum number of incidences occurred in the rainy season (June to November); no case of cholera was observed from December to May. Ise et al. (1996) reported a cholera outbreak in 1994 (JulySeptember) in the Kathmandu valley. The authors indicated that the waterborne infection was related to the consumption of contaminated river water. Vibrio cholerae 01 and enteropathogenic E. coli were detected in the stool of the patients. reported on the prevalence of Cryptosporidium oocysts (6.8%) in the diarrhoeal patients in Kathmandu valley. reported that Cryptosporidium had the highest prevalence (1.4%) in the children with abdominal discomfort (ADC) group. In both healthy children (HC) and adults with abdominal discomfort (ADA) the prevalence was 0.4%, whereas the parasite was not found in any specimen from the healthy adults (HA). Shrestha et al. (1993) June (Doti), 2 July (Bhojpur), 4 July (Nawalparasi), 13 July (Doti), 8 August (Morang), 16 August (Dolpa) and 3 September (Rolpa). The death tolls were also reported in some of these incidences. Children were among the victims in most of these cases. The diarrhoeal cases for fiscal years 1995/96 to 1998/99 are presented in Table 1 and Figure 1 . The incidence of diarrhoeal diseases, deaths and case fatality rate are presented in Table 2 .
The actual cases of diarrhoea may be several-fold higher than the numbers shown in Table 1 . However, the table shows the trend of morbidity as the seasons change throughout the year. In fact, there may be many unre- Table 2 indicate that the number of hospital visits due to diarrhoea had increased compared with the previous years. The reasons may be increased awareness among the people to report to a hospital and the number of hospitals may have increased. It cannot be concluded from the available data whether the diarrhoeal death rate has decreased. However, the case fatality rate has dramatically reduced. At the same time, the diarrhoeal death rate among 5-year-old children has decreased.
WATER SUPPLY AND SANITATION IN NEPAL
In the beginning of 2000, 82% of the world's population had access to some form of water supply and 60% had access to sanitation facilities. The water supply and sanitation coverage in Asia was reported to be 81% and 48%, respectively (WHO/UNICEF 2000). The water supply and sanitation coverage in Nepal was shown to be 81% and 27%, respectively, in the same report. The urban water supply (85%) and sanitation coverage (75%) was comparatively higher than the rural (water supply 80% and sanitation 20%). These figures for Nepal may be higher than the actual figures. Government data on the achievement of water supply coverage at the end of the 8th five-year plan (1997) was shown as 61% only (Sharma 2000) . In Nepal, the lack of access to sanitation is striking. to sanitation facilities and number of persons to a room (related to Nepal) are presented in Table 3 . 
IMPACT OF WATER SUPPLY AND SANITATION INTERVENTIONS
Numerous factors affect the incidence of diarrhoeal diseases and these factors play a great role in the effectiveness of intervention programmes. Huttly et al. (1987) reported on the impacts of water supply and sanitation projects in five villages in Imo State, Nigeria, where 75% of the illness in young children was associated with diarrhoea compared with 20% in adults. Risk factors included were lower socio-economic status, an unclean domestic environment, use of unpurified water, absence of soap and feeding methods other than exclusive breast-feeding in the early months of infancy. Stanton & Clemens (1987) reported that low maternal education, low economic status, inferior quality of housing, diminished access to water and sanitation facilities and crowding in the household were responsible for an increased risk of diarrhoea in a study at Dhaka, Bangladesh. Victora et al. (1988) reported that the lack of piped water supply, absence of flush toilets, residence in a poorly built house and household overcrowding were significantly associated with diarrhoeal death in the metropolitan areas of Porto Alegre and Peloras in southern Brazil.
In a similar study on four slum, squatter and pavement dweller communities of Mumbai City, India, Karn & Harada (2002) reported that neighbourhood water pollution, poor sanitation, poor housing and low family income were the risk factors for diarrhoea, typhoid and malaria cases in the study area. In a study in Madurai, India, Rajasekaran et al. (1977) reported that those households using street tap water were at greater risks (36.78) due to diarrhoea compared with those using tap water within their houses (23.52). Safdar Ashraf & Yunus (1997) reported that the communities using public stand pipes were at a higher risk (88.3%) for typhoid, bacillary dysentery and diarrhoea compared with the risk level (51.8%) in a community with piped water supply in a study in the Indian City of Aligarh.
Interventions such as piped water supply, sanitation, hand washing with soap and hygiene education are considered to be effective tools to control diarrhoeal diseases.
Hand washing using soap after toilet use is reported to reduce diarrhoea morbidity. Han & Hlaing (1989) studied the effect of hand washing by soap after defecation and before preparing meals in a low-income community in Rangoon, Burma. The authors reported that diarrhoea incidence among the children in the hand-washing households was significantly reduced compared with the control households. A 40% reduction in the dysentery incidence in children less than 2 years of age was obtained. In a study
by Black et al. (1981) hand washing with soap was sug- The authors indicated that a reduction of 26% in diarrhoeal morbidity and 65% in mortality could be achieved by the provision of safe water supplies and sanitation facilities. Chongsuvivatwong et al. (1994) reported the influence of a piped water supply in reducing diarrhoea morbidity in southern Thailand; a reduction in diarrhoea morbidity of 25% was achieved through the provision of water supply facilities. Baltazar et al. (1988) reported the impact of improved water supplies and sanitation facilities in a study in the Philippines; adequate environmental sanitation practices (with respect to both water supply and excreta disposal) reduced the incidence of diarrhoea by 20% compared with that among children of families who did not have adequate sanitation practices.
Other indicators have been reported to correlate with the health status of a country. Kolsky & Blumenthal (1995) reported that access to water, hours per day of piped water supply, excreta disposal type, use of soap in hand washing, proportion of paved streets, numbers of persons to a room in housing, elevation of the house to prevent flooding, E. coli per 100 ml of water and disposal practices of the children's faeces were environmental health indicators for developing countries. Feachem et al. (1983) suggested that improved maternal and child health care with a focus on breast-feeding, personal and domestic hygiene and maternal nutrition, improved drinking water and sanitation facilities, and food hygiene could be the main focus of intervention.
DISCUSSION
In the last few decades, a number of studies have been conducted and various outcomes were reported on the reasons behind diarrhoeal diseases, morbidity, nutritional status and mortality of children. However, some of these investigations provided contradictory and confusing results and conclusions, many of which were due to methodological deficiencies (Esrey & Habicht 1986 ). Blum & Feachem (1983 The women also complained that the problem occurred because they were not involved in the decision on the location of the stand post.
The provision of sufficient quantities of clean water by itself will not reduce the incidence of water-related diseases, especially among children, the most vulnerable group. It is important to implement broad-based, customer-level training and education programmes to increase awareness of the critical linkage between health, hygiene and sanitation practice so that maximum benefits can be obtained from investments in water supply and sanitation improvements (ADB 2000) .
CONCLUSIONS
Based on the literature review and the data on public health in Nepal, the following conclusions are drawn:
i. Diarrhoeal diseases are a major threat in Nepal due to inadequate and unsafe water supply, poor sanitation and poor living conditions.
ii. Environmental awareness, knowledge about the causes of disease and behavioural changes related to social beliefs should be incorporated into intervention programmes along with improving water supply and sanitation.
iii. Public participation in interventions and the involvement of women in designing the drinking water, sanitation and hygiene improvement programmes are important for their success.
iv. Environmental health and sanitation information should be incorporated into the education programme in schools.
